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Abstract—High-definition (HD) map transmission is
considered as a key technology for automatic driving,
which enables vehicles to obtain the precise road and sur-
rounding environment information for further localiza-
tion and navigation. Guaranteeing the huge requirement
of HD map data, the objective of this paper is to reduce
the power consumption of vehicular networks. By lever-
aging the mobile rule of vehicles, a collaborative vehicle
to everything (V2X) transmission scheme is proposed for
the HD map transmission. Numerical results indicate that
the proposed scheme can satisfy the transmission rate
requirement of HD map with low power consumption.
Index Terms—High definition map, collaborative
transmission, power allocation.
I. INTRODUCTION
Vehicular networks is a typical application of
5G ultra-reliable and low-latency communication
(URLLC). It is also an important mean to realize
automatic driving in intelligent transportation systems
(ITS) [1]. Automatic driving technology is helpful to
avoid traffic accidents and reduce traffic congestion
[2], [3]. In order to realize automatic driving tech-
nology, the accuracy of positioning and controlling
for automatic driving vehicles (ADVs) should be up
to the centimeter level. Therefore, a series of sensor
information should be provided for the ADVs in order
to support the centimeter accuracy [4].
A rapid lane detection algorithm was proposed
based on machine vision, which is accurate and robust
under different conditions, such as lane line missing
and obstacle appearance in the track [5]. However,
many vision-based research challenges have not yet
been solved, such as the low-definition image clarity
and poor visibility in rainy, hazy weather and night
conditions [6]. Since vision-based automatic driving
probably has safety risks in the situations mentioned
above, high-definition (HD) map emerges to support
automatic driving. The road information contained by
HD map has enough precision to help ADVs identify
the road signs with a centimeter accuracy. On the
other hand, HD map also contains real-time traffic
information, such as the state information of running
cars, pedestrians and cyclists, which will be helpful to
avoid accidents in critical situations with fast response
times [7]. Moreover, HD map-based vehicle localiza-
tion and predictive cruise control have been studied
in [8], [9]. However, how to transmit the HD map
by wireless network is still an open problem to our
best knowledge. Since HD map contains more road
and traffic related information than traditional maps,
the data volume is huge for the network to delivery.
Therefore, it is necessary to design some transmission
schemes to support high transmission rate with low
network cost and latency.
Vehicle-to-infrastructure (V2I) makes vehicles con-
nect to the neworks via roadside units (RSUs) and
supports high-speed short-range communications [10].
Therefore, a transmission scheme based on V2I com-
munication has been proposed through jointly optimiz-
ing the traffic flow rate and the power consumption
of the network [11]. On the other hand, in addition
to transmitting HD map by RSU, two cars driving in
the opposite direction contain the HD map information
needed by each other. Therefore, vehicle-to-vehicle
(V2V) communication can also be employed for HD
map transmission. Besides, V2V communications have
shorter communication distance than V2I, which can
reduce the path loss and transmission delay [12], [13].
Motivated by this, this paper studies the HD map
transmission for automatic driving. Considering both
the power efficiency and communication efficiency, a
collaborative V2X transmission scheme is proposed in
order to achieve high-speed HD map transmission with
low power cost. The proposed scheme combines both
V2I and V2V communications and adaptively allocates
the power between the RSU and vehicle. On the other
hand, a more realistic estimation expression of the
transmission rate is adopted in order to reflect the influ-
ence of the decoding error probability. The simulation
results indicate that the proposed transmission scheme
can reduce power consumption while guaranteeing the
transmission rate requirement of HD map.
The remainder of this paper is organized as follows.
Section II describes the system model and formulates
the HD map transmission problem with power con-
sumption minimization. A cooperative transmission
scheme is proposed based on mobile vehicle rule in
Section III. The simulation results and analysis are
given in Section IV. Section V concludes this paper.
II. SYSTEM MODEL AND PROBLEM FORMULATION
A. System Model
As shown in Fig. 1, two vehicles driving in the
opposite directions on an urban road, where the red
one is considered as the targeted vehicle of the HD
map requirement, the blue one has stored the required
dV > dVM < VM < VM
(a) V2I transmission only
> VM dV < dVM < VM
(b) Cooperative V2X transmission
> VM < VM dV < dVM 
(c) V2V transmission only
Fig. 1. Illustration of cooperative transmission of high definition map.
HD map information in the forward direction of the
red vehicle. The different frequency bands with band-
widths BV and BR are employed by V2V and V2I in
order to avoid interference. Then, different parts of HD
map information can be simultaneously transmitted
by the blue vehicle and the RSU for the targeted
vehicle. Moreover, it is assumed that the HD map data
volume per meter q bits/m follows truncated Gaussian
distribution, i.e., q ∼ N(µ, σ2, 0,+∞), where µ and
σ are the mean and variance, and the data volume
is positive. When the vehicle speed is v m/s, the
transmission rate of the networks at least is vq bits/s.
We assume that dV denotes the distance between the
two vehicles and dVM indicates the maximum V2V
communication range. As shown in Fig. 1, three cases
of transmission schemes are then discussed based on
the position relationship of the two vehicles. In Fig.
1(a), only RSU transmits the HD map information to
the targeted vehicle when dV > dVM. In Fig. 1(b),
when dV < dVM, both RSU and vehicle transmit
the HD map information to the targeted vehicle. In
Fig. 1(c), dV becomes so small that the HD map
transmission rate can be satisfied only by the V2V
communication. Next, the channel models, transmis-
sion model and transmission rate are given in details.
1) Channel Model: Denote φ0d
−α
V and φ0d
−α
R as
the gains of downlink large-scale channels for V2V
and V2I, respectively, where φ0 is a channel constant
related to the antenna gain and carrier frequency, α
is the path-loss exponent, dR represents the distance
between the red vehicle and RSU. On the other hand,
denote hV and hR as the fast fading coefficients of
the V2V and V2I channels, respectively, and hV,
hR ∼ CN(0, 1). Then, the V2V and V2I channels
can be expressed as gV=φ0d
−α
V
hV and gR=φ0d
−α
R
hR,
respectively.
2) Transmission Model: Assuming that the transmit
power values of the blue vehicle and RSU are pV and
pR, and sV with |sV|=1 and sR with |sR|=1 represent
the transmitted symbols from the blue vehicle and
RSU, respectively. Then the transmission signals of
the blue vehicle and RSU can be written respectively
by
xV=
√
pVsV, (1)
xR=
√
pRsR, (2)
and the received signals of the red vehicle are respec-
tively given by
yV = gVxV + nV
= φ0d
−α
V hV
√
pVsV + nV, (3)
yR = gRxR + nR
= φ0d
−α
R hR
√
pRsR + nR, (4)
where the additive white Gaussian noises nV ∼
CN(0, BVN0), nR ∼ CN(0, BRN0). Therefore, the
signal to noise ratios (SNRs) of the red vehicle can
be expressed respectively as
ρV =
φ0d
−α
V hVpV
φ1N0BV
, (5)
ρR =
φ0d
−α
R
hRpR
φ1N0BR
, (6)
where φ1 is a SNR loss coefficient due to non-ideal
channel state information at the transmitter.
3) Transmission rate: Considering the decoding
error probability, the transmission rates of vehicle and
RSU can be expressed respectively as
rV=
BV
ln 2
[
ln
(
1+
φ0d
−α
V hVpV
φ1N0BV
)
−
√
1
τBV
Q−1
G
(
ε
C,V
V
)]
,
(7)
rR=
BR
ln 2
[
ln
(
1+
φ0d
−α
R hRpR
φ1N0BR
)
−
√
1
τBR
Q−1G
(
ε
C,R
R
)]
,
(8)
where τ is the duration of transmission, ε
C,V
V and
ε
C,R
R are decoding error probabilities in downlink of
V2V channel and V2I channel, respectively, and
Q−1
G
(x) denotes the inverse of the Gaussian Q-
function [14], [15].
B. Problem Formulation
Based on the proposed collaborative V2X transmis-
sion scheme, the objective of this paper is to minimize
the total power consumption of both the RSU and vehi-
cles as well as ensure the transmission rate requirement
of the HD map. Therefore, the optimization problem
of this paper can be formulated as
min
pR,pV
{pR + pV} (9)
s.t.0 ≤ pR ≤ pRM, (10)
0 ≤ pV ≤ pVM, (11)
P {rR + rV < qv} ≤ δ, (12)
0 ≤ dV ≤ dVM, (13)
where (10) and (11) are the transmit power con-
straints of vehicle and RSU, pRM and pVM denote the
maximum transmit power values of RSU and vehi-
cle, respectively, (12) describes the outage probability
requirement of HD map transmission and δ is the
maximum violation probability.
III. COOPERATIVE POWER ALLOCATION FOR HD
MAP TRANSMISSION
In order to solve the formulated problem described
in (9)-(13), we need to transform the transmission rate
outage constraint (12) into a constraint of pR or pV by
considering the distribution of the HD map volume q.
Since the expression of tansmission rate in (7) or (8)
contains a constant term, (12) has different expressions
in different situations, i.e.
P {rR < qv} ≤ δ, (14)
P {rV < qv} ≤ δ, (15)
P {rR + rv < qv} ≤ δ. (16)
We will solve the problem in (9)-(13) under the con-
ditions (14)-(16), respectively, i.e., V2I transmission
only, V2V transmission only, and cooperative V2X
transmission. Then, we can obtain three suboptimal
power allocation schemes. Finally, the optimal power
allocation can be obtained by comprehensively consid-
ering the sum transmit power values of both RSU and
vehicle.
A. Suboptimal Power Allocation
1) V2I transmission only: We have the following
results.
Proposition 1: When the HD map is transmitted
by V2I only, i.e., pV = 0, the power allocation of the
vehicle and the RSU is given by
ψ1 = (pV, pR) , (17)
where
pR =
{
φ1N0BR
φ0d
−α
R
hR
[
exp
(
v
(
σΦ−1
(
1−δ[1−Φ(−µ
σ
)])
+µ
)
ln 2
BR
+
√
1
τBR
Q−1G
(
ε
C,R
R
))
−1
]}pRM
0
, (18)
where Φ (x) is the cumulative distribution func-
tion of standard normal distribution, and {x}ba =
min{b,max{a, x}}.
Proof : To obtain the power allocation under the
conditions (14), we need to transform the transmission
rate constraint (12). The probability density function
of q can be given by
f (q)=
1
σ
fN
(
q−µ
σ
)
1−Φ (−µ
σ
)= exp
(
−1
2
(
q−µ
σ
)2)
√
2piσ
[
1−Φ (−µ
σ
)] , (19)
where fN (x) is the probability density function of
standard normal distribution. Then, the left side of
inequality (12) can be transformed into
P
{
BR
ln 2
[
ln
(
1+
φ0d
−α
R hRPR
φ1N0BR
)
−
√
1
τBR
Q−1G
(
ε
C,R
R
)]
<qv
}
=P
{
q>
BR
v ln 2
[
ln
(
1+
φ0d
−α
R
hRPR
φ1N0BR
)
−
√
1
τBR
Q−1
G
(
ε
C,R
R
)]}
.
(20)
In order to simplify the expression, we define the
constant
κ=
BR
v ln 2
[
ln
(
1+
φ0d
−α
R hRPR
φ1N0BR
)
−
√
1
τBR
Q−1G
(
ε
C,R
R
)]
.
(21)
Then, based on (19) and (21), the outage probability
in (20) can be expressed as
∫ +∞
κ
f(q)dq =
∫ +∞
κ
exp
(
−1
2
(
q−µ
σ
)2)
√
2piσ
[
1−Φ(−µ
σ
)]dq
=
1−Φ(κ−µ
σ
)
1−Φ(−µ
σ
) , (22)
and therefore (12) can be rewritten as
1−Φ(κ−µ
σ
)
1−Φ(−µ
σ
) ≤ δ. (23)
Further, taking into account equation (21), constraint
(12) can be transformed into
pR≥ φ1N0BR
φ0d
−α
R hR
[
exp
(
v
(
σΦ−1
(
1−δ[1−Φ(−µ
σ
)])
+µ
)
ln 2
BR
+
√
1
τBR
Q−1G
(
ε
C,R
R
))
−1
]
. (24)
Considering constraints (10) and (11), the power
allocation under V2I transmission only can be given
by (17). 
2) V2V transmission only: We have the following
results.
Proposition 2: When the HD map is transmitted
by V2V only, i.e., pR = 0, the power allocation of the
vehicle and the RSU is given by
ψ2 = (pV, pR) , (25)
where
pV =
{
φ1N0BV
φ0d
−α
V hV
[
exp
(
v
(
σΦ−1
(
1−δ[1−Φ(−µ
σ
)])
+µ
)
ln 2
BV
+
√
1
τBV
Q−1G
(
ε
C,V
V
))
−1
]}pVM
0
. (26)
Proof : The proof is similar to that of Proposition
1 and therefore is ignored. 
3) Cooperative V2X transmission: We have the
following results.
Proposition 3: When the HD map is cooperatively
transmitted by V2V and V2I, the power allocation of
vehicle and RSU is given by
ψ3 = (pV, pR) , (27)
where
pV =
φ1N0BV
φ0d
−α
V hV

( d−αR hR
d−αV hVe
χ
)− BR
BV+BV
−1


pVM
0
, (28)
pR =
φ1N0BR
φ0d
−α
R
hR

eχ( d−αR hR
d−α
V
hVeχ
) BV
BV+BR
−1


pRM
0
. (29)
Proof : To obtain the power allocation of cooperative
HD map transmission, we use the method in Proposi-
tion 1 to transform (12) into
pR≥g(pV) , (30)
where
g(pV)=
φ1N0BR
φ0d
−α
R hR

eχ(1+φ0d−αV hVpV
φ1N0Bv
)−BV
BR
−1

, (31)
with
χ=
{σΦ−1 [1−δ (1−Φ (−µ
σ
))]
+µ−ϑ
v
}v ln 2
Br
, (32)
ϑ=−Br
ln 2
√
1
τBr
Q−1G (ε
c,r
r )−
Bv
ln 2
√
1
τBv
Q−1G (ε
c,v
v ). (33)
Without consideration of (13), the partial Lagrange
function of problem in (9) is given by
L(pR, pV, λ)=pR+pV−λ1pR−λ2pV+λ3(pR−pRM)
+λ4 (pV−pVM)−λ5 [pR−g (pV)], (34)
where λ= {λi ≥ 0, i = 1, ..., 5} is the Lagrange multi-
plier vector. We can prove that the first order derivative
of g (pV) with respect to pV is less than zero and
the second-order derivative of g (pV) with respect
to pV is greater than zero, therefore the considered
optimization problem is a convex problem. Then, the
optimization problem can be solved based on Karush-
Kuhn-Tucker (KKT) conditions. With pR 6= 0and
pV 6= 0, the KKT conditions are given by
0 < pR ≤ pRM, (35)
0 < pV ≤ pVM, (36)
pR−g (pV)≥0, (37)
λi ≥ 0, i = 1, ..., 5, (38)
λ1=λ2=0, (39)
λ3 (pR − pRM)=0, (40)
λ4 (pV − pVM)=0, (41)
λ5 (pR − g (pV)) = 0, (42)
∇L = 0. (43)
Then, substituting (34) into (43) results in
1+λ3−λ5=0, (44)
1+λ4−λ5 d
−α
V
hV
d−αR hR
eA3
(
1+
φ0d
−α
V
hVPV
φ1N0BV
)−BV
BR
−1
=0. (45)
Finally, according to KKT conditions (35)-(45), we can
obtain the power allocation given in (27). 
B. Optimal Power Allocation
By comprehensively considering the three cases
in Sec. III-A, the optimal power allocation can be
expressed by
ψ∗ (p∗V, p
∗
R)= argmin{pVi + pRi , (pVi , pRi) (46)
∈ {ψ1, ψ2, ψ3}} . (47)
IV. SIMULATION RESULTS AND ANALYSIS
In this section, numerical results and analysis are
provided to show the performance of the proposed
cooperative V2X transmission scheme.
A. Parameter Setup
The simulation parameters are listed in Table I. The
road length covered by the RSU is 432 m, and the
distance between the RSU and the road is 250 m, the
lane width is 3.5 m in Fig. 1. In order to simplify the
simulation, we assume that the two vehicles have the
same speed.
B. Results and Analysis
Fig. 2 shows the average transmit power of RSU
versus different locations of the targeted vehicle. With
the horizontal change of the targeted vehicle, both
the distances dR, dV first decrease and then gradually
increase. This change rule gives rise to the same trend
of total transmit power. When the location of the
targeted vehicle between 144 m - 288 m, we have
dV < dVM; therefore V2V communication exists and
the average transmit power obviously decreases. It
indicates that the proposed collaborative transmission
can significantly reduce the power consumption.
Fig. 3 and Fig. 4 illustrate the average transmission
rate and average power allocation versus vehicle speed,
respectively. The transmission rate requirement is re-
lated to both vehicle speed and HD map data volume
per meter. Due to the power limitation of RSU, the V2I
transmission only can not satisfy the transmission rate
requirement when the vehicle speed exceeds 22 m/s.
On the other hand, limited by the communication range
of V2V, V2V transmission only can not meet the trans-
mission rate requirement of the HD map. However,
under the proposed cooperative V2X transmission, the
transmission rate requirement can be satisfied when
the vehicle speed is under 30 m/s, which approaches
TABLE I: Simulation Parameters
Parameter Value
Channel constant (φ0) 10
−3
path-loss exponent (α) 3
SNR loss coefficient (φ1) 1.5
Duration of transmission (τ ) 10−3 s
Noise power spectrum density (N0) -174 dBm/Hz
RSU and vehicle bandwidth (BR , BV) 1 MHz, 0.5 MHz
Maximum transmit power of RSU and vehicle
(pRM ,pVM)
40 dBm, 36 dBm
Communication range of V2V (dVM) 150 m
Decoding error probabilities (ε
C,V
V
= ε
C,R
R
) 10−4
Mean and variance of HD map data volume
(µ, σ)
0.8 kbits/m, 100
Maximum violation probability (δ) 10−4
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Fig. 3. Average transmission rate v.s. vehicle speed.
the maximum speed limitation of vehicle. Moreover,
Fig. 4 shows that the average transmit power under the
cooperative V2X transmission is significantly reduced
than that under V2I transmission only. Therefore, the
proposed cooperative transmission can achieve the HD
map transmission with low power consumption.
V. CONCLUSION
This paper studied the power efficient transmission
of HD map, which is significant for automatic driving.
In order to reduce power consumption while guaran-
teeing the transmission rate requirement, a cooperative
V2V/V2I transmission was proposed for HD map
transmission. To realize the cooperative transmission
scheme, the power allocation at both RSU and vehi-
cle are given through solving three sub optimization
problems. Finally, the simulation results indicated that
the proposed scheme can significantly reduce the total
power consumption compared to the V2I transmission
scheme while meeting the transmission rate require-
ment of HD map.
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